Cognitive dysfunction induced by sequential injection of amyloid-beta and ibotenate into the bilateral hippocampus; protection by memantine and MK-801.
Aggregated 40-residue amyloid-beta peptide (beta40, 4 microg/microl), and 2 days later, ibotenate (NMDA receptor agonist, 0.3 microg/0.5 microl), were bilaterally injected into the hippocampus of rats. Five to six weeks after the beta40 injection, the rats showed learning deficits in the Morris water maze task and neuronal damage in the hippocampus, although the injection of beta40 or ibotenate alone did not result in cognitive deficits and hippocampal damage. Memantine (10, 20 mg/kg/day s.c. infusion for 6 weeks starting 24 h before the beta40 injection) significantly prevented learning deficits as measured for 4 days from 5 weeks after the beta40 injection, while a lower dose of memantine (5 mg/kg/day) and MK-801 (0.312, 0.624 mg/kg/day) did not have inhibitory effects on the learning deficits. The neuronal damage in the hippocampus, assessed as an elevation of the levels of the peripheral-type benzodiazepine-binding site (a gliosis marker for neuronal damage) produced by sequential intra-hippocampal injections of beta40 and ibotenate, at 6 weeks (39 days) after the beta40 injection, was significantly attenuated by memantine (10, 20 mg/kg/day) and MK-801 (0.624 mg/kg/day). These protective effects were also confirmed by histochemical examination (Cresyl violet staining of brain slices). In naive rats, MK-801 produced a significant learning impairment in the water maze task at a dose of 0.624 mg/kg/day, while memantine (20 mg/kg/day s.c. infusion) did not, although the beta40 plus ibotenate-induced hippocampal damage was lessened by both treatments. These results suggest that memantine and MK-801 exert protective effects on progressive neuronal damage, but that only memantine prevents memory impairment in hippocampal-lesioned rats, and that memantine may be a beneficial agent for the treatment of progressive cognitive dysfunction including Alzheimer's disease-type dementia.